In vivo depletion of free thiols does not account for nitroglycerin-induced tolerance: a thiol-nitrate interaction hypothesis as an alternative explanation for nitroglycerin activity and tolerance.
The present study investigates the effects of thiol-depleting/ modifying agents on the activity of and tolerance to nitroglycerin (GTN), sodium nitroprusside (SNP) and S-nitroso-N-acetylpenicillamine (SNAP) in an in vivo rat model. Rats were treated with either vehicle (control), GTN (before and after induction of tolerance), diethyl maleate (a thiol-depleting agent) or N-ethylmaleimide (a thiol-modifying agent). The effects of GTN, SNP and SNAP on vascular cyclic GMP levels were investigated before and after each treatment. In addition, plasma and tissue thiol concentrations were measured in the same tissues as used for the determination of cyclic GMP in aorta and inferior vena cava after single and serial i.v. bolus doses of each drug. Depletion of free thiols (glutathione and cysteine) was not found to accompany tolerance development in GTN-treated tolerant rats or to significantly enhance tolerance development or augment its magnitude in diethyl maleate-treated rats. When rats were pretreated with a low single dose of N-ethylmaleimide, where no significant changes in vascular free thiols were observed, significant reduction in GTN- and SNP-induced, but not SNAP-induced, vascular cyclic GMP production was obtained. Considering the differential effects of diethyl maleate (mainly free thiol depletion) and N-ethylmaleimide (mainly proteinous thiol-alkylation) on vascular thiols, these results indicate that depletion of sulfhydryl groups other than those from free glutathione and cysteine seems to be involved in the mechanisms defining GTN and SNP (but not SNAP) action and tolerance. Here we propose that SNAP may act either directly by nitrosation of the heme moiety of the enzyme or via an S-enzyme-S-drug transnitrosation reaction, whereas GTN and SNP actions are mediated by the formation of S-nitrosothiol on the enzyme itself, rather than by activation of the enzyme by free S-nitrosothiols.